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The p u r p o s e  o f  t h i s  memorandum i s  to d i s c u s s  s e v e r a l  
p o s s i b l e  rnethods o f  i n t e g r a t i n g  t h e  A p p l i c a t i o n s - A  (APP-A) 
ea i - th  r e s o u r c e s  e x p e r i m e n t  package  w i t h  t h e  A A P  1 9 6 9  l o n g -  
d u r a t i o n  m i s s i o n  o b j e c t i v e s .  APP-A i s  a c o l l e c t i o n  o f  1 4  
e a r t h - o r i e n t e d  e x p e r i m e n t s  which weigh  a b o u t  2500 l b s .  When 
i n t e g r a t e d  i n t o  a f l i g h t  package ,  t h e  we igh t  w i l l  b e  a minimum 
o f  3500 l b s .  if i n t e g r a t e d  i n t o  a n  e x i s t i n g  module or as much 
as 7500 l b s .  if an i n d e p e n d e n t  c a r r i e r  i s  r e q u i r e d  f o r  s t r u c t u r e ,  
thermal  c o n t r o l  and power.  The APP-A e x p e r i m e n t e r s  a r e  s t r o n g  
i n  t h e i r  d e s i r e  t o  f l y  a t  an i n c l i n a t i o n  no  l e s s  t h a n  50" i n  
o r d e r  to o b s e r v e  t h e  U n i t e d  S t a t e s .  It i s  e s t ima ted  t h a t  t h i s  
e x p e r i m e n t  package  would b e  a v a i l a b l e  for f l i g h t  i n  mid-1969. 

The c u r r e n t  p l a n s  o f  t h e  AAP Program are  to conduc t  
i n  1969 e s s e n t i a l l y  c o n t i n u o u s  f l i g h t  u t i l i z i n g  an o r b i t a l  
workshop and  s e v e r a l  r e s u p p l y  m i s s i o n s .  The workshop may be  
a l r e a d y  i n  o r b i t  f rom t n e  1968 m i s s i o n s  o r  a new one may b e  
p r o v i d e d  a t  an  i n c l i n a t i o n  y e t  to b e  e s t a b l i s h e d .  T h e r e  a r e ,  
t h e r e f o r e ,  t h r e e  p o s s i b i l i t i e s  for t h e  f l i g h t  o f  APP-A -- w i t h  
t h e  ' 6 8  workshop,  w i t h  t h e  ' 69  workshop or a l o n e .  F o r  t h e  f i r s t  
two o f  t h e s e  p o s s i b i l i t i e s ,  t h e r e  i s  t h e  q u e s t i o n  o f  w h e t h e r  t h e  
o r b i t  i n c l i n a t i o n  can  b e  50" i n s t e a d  o f  t h e  p l a n n e d  29".  

1 9 6 8  Workshop a t  50" I n c l i n a t i o n  

The  e s t a b l i s h m e n t  of t h e  1 9 6 8  workshop c o n f i g u r a t i o n  
i n v o l v e s  f o u r  l a u n c h e s :  A A P - 1  w i t h  a CSM and LMSS; AAP-2 w i t h  
an a i r l o c k ,  a workshop and  a dock ing  a d a p t e r ;  AAP-3 w i t h  a CSM 
and r e s u p p l y  p r o v i s i o n s ;  and AAP-4  w i t h  a LM/ATM. The a s s e m b l e d  
c o n f i g u r a t i o n  i s  t o  b e  f lown a t  an i n i t i a l  a l t i t u d e  o f  26Q nm 
i n  o r d e r  t h a t  t h e  assembly may b e  a v a i l a b l e  f o r  r e u s e  i n  1 9 6 9 .  

If  t h e  i n c l i n a t i o n  were to be  changed  f rom 29" t o  50°, 
t h e  p a y l o a d  would have  t o  b e  r educed  a b o u t  2000  l b s .  f o r  each 
o f  t h e  l a u n c h e s .  A t  t h e  p r e s e n t  t ime ,  t h e  marg in  f o r  e a c h  o f  
t h e  m i s s i o n s  i s  n e a r  z e r o .  F o r  A A P - 1  a c o m b i n a t i o n  of'  l e a v i n g  
t h e  LMSS a t  low a l t i t u d e  and  u s i n g  a l a t e r  l a u n c h  v e h i c l e  t h a n  
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SA-207 would b e  b a r e l y  s u f f i c i e n t  t o  p r o v i d e  f o r  t h e  p a y l o a d  
l o s s .  The LMSS, however ,  would h a v e  t o  be c o n s t r a i n e d  t o  i t s  
c u r r e n t  d e s i g n  w e i g h t  w i t h o u t  t h e  a u g m e n t a t i o n  which  i s  t h e  
s u b j e c t  o f  c u r r e n t  s t u d i e s .  For AAP-2 a r e d e s i g n  o f  t h e  a i r l o c k ,  
workshop,  d o c k i n g  a d a p t e r  and SLA would. b e  r e q u i r e d  t o  k e e p  t h e  
i n t e g r a t e d  c o n f i g u r a t i o n  w i t h i n  a t o t a l  p a y l o a d  w e i g h t  of  a b o u t  
25,000 l b s .  F o r  AAP-3 t h e  r e s u p p l y  p r o v i s i o n s  would have  t o  b e  
i n t e g r a t e d  i n t o  t h e  CSM and would p r o v i d e  less  t h a n  56 d a y s  
d u r a t i o n .  For AAP-4 t h e  LM/ATM would h a v e  t o  b e  c o n s t r a i n e d  
t o  a t o t a l  w e i g h t  of a b o u t  2 2 , 0 0 0  l b s .  

While a l l  o f  t h e  above changes  t o  p e r m i t  f l y i n g  t h e  
1 9 6 8  i n i s s i o n  at 50" i n c l i n a t i o n  are feas ib le ,  t h e y  would r e q u i r e  
t h a t  t h e  m i s s i o n s  be  r e p l a n n e d ,  t h e  s y s t e m s  r e d e s i g n e d  and  t h e  
f i r s t  f l i g h t  d e l a y e d .  B e f o r e  a c c e p t i n g  s u c h  c h a n g e s ,  it i s  n e c e s s a r y  
to e v a l u a t e  t h e  c a p a b i l i t y  o f  t h e  1969  CSM t o  r e n d e z v o u s  t h e  APP-A 
e x p e r i m e n t  package  w i t h  t h e  a s sembled  c o n f i g u r a t i o n .  

P a y l o a d  C a p a b i l i t y  of 1969 CSM 

F i g u r e  1 shows t h e  e x p e r i m e n t  p a y l o a d  c a p a b i l i t i e s  
d u r i n g  t h e  1969-70 r e s u p p l y  m i s s i o n s .  The e s t ima ted  a l t i t u d e  
o f  t h e  1 9 6 8  c o n f i g u r a t i o n  i s  2 4 0  nm. The o r b i t a l  c a p a b i l i t y  
for 29" and 50" i n c l i n a t i o n  i s  shown by t h e  d o t t e d  l i n e s .  T h i s  
c a p a b i l i t y  i s  based  on an i n s e r t i o n  by t h e  l a u n c h  v e h i c l e  i n t o  
a 8 1  x 120  nm o r b i t  f o l l o w e d  b y  an o r b i t a l  t r a n s f e r  and  r e n -  
dezvous  c o n d u c t e d  by t h e  CSM. The CSM assumed i n  t h i s  f i g u r e  
i s  " s e m i - q u i e s c e n t "  and  we ighs  26 ,200  l b s .  i n c l u d i n g  2200 l b s .  
o f  SPS r e t r o - p r o p e l l a n t s .  F o r  t h e  p u r p o s e s  o f  p a r a m e t r i c  a n a l y s i s  
o f  t h e  f l i g h t  d u r a t i o n  r e q u i r e m e n t s ,  t h i s  w e i g h t  d o e s  n o t  i n c l u d e  
t h e  t ime-dependen t  oxygen,  n i t r o g e n ,  water ,  f o o d  or RCS p r o -  
p e l l a n t s ,  n o r  t h e  hardware a s s o c i a t e d  w i t h  t h e i r  s t o r a g e .  It 
does  i n c l u d e  a b a t t e r y - o n l y  power s y s t e m ,  an e a r t h  a l i g n i n g  
G & N  s y s t e m ,  a " l i m i t e d  r e c y c l e "  2-gas e n v i r o n m e n t a l  c o n t r o l  s y s t e m ,  
an a c t i v e  RCS, a r e l i a b l e  SPS d e o r b i t  s y s t e m ,  ECS c r y o g e n i c  g a s  
volume i n  SM S e c t o r s  111, I V  and V I ,  and room for e x p e r i m e n t  
moun t ing  i n  S e c t o r s  I .  

P a r a m e t r i c a l l y ,  t h e  e x p e n d a b l e s  are  e s t ima ted  a t  
90 l b s .  p e r  d a y  b r o k e n  down as f o l l o w s :  l e a k a g e  (02 and N2)- 
35 l b s .  p e r  day;  RCS p r o p e l l a n t - 1 0  l b s .  p e r  day;  m e t a b o l i c  
oxygen-8 l b s .  p e r  day ;  f o c d - 7  l b s .  per day;  water-15 l b s .  pei- 
d a y ,  5 lbs. p e r  day f o r  e x p e r i m e n t  data  s y s t e m s  and  1 0  l b s .  
p e r  day f o r  SPS p r o p e l l a n t s  a s s o c i a t e d  w i t h  t h e  r e n d e z v o u s  and 
d e o r b i t  o f  t h e s e  e x p e n d a b l e s .  A l l  o f  t h e  above f i g u r e s  ( e x c e p t  
p r o p e l l a n t s )  i n c l u d e  the  a s s o c i a t e d  s t o r a g e  or t a n k a g e  w e i g h t  
i n  o r d e r  t o  make them u s a b l e  p a r a m e t r i c a l l y .  
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F i g u r e  1 shows t h a t  a 90-day CSM m i s s i o n  u s e s  t h e  
e n t i r e  p a y l o a d  c a p a b i l i t y  a t  an i n c l i n a t i o n  o f  29'. A t  an  
i n c l i n a t i o n  o f  50" t h e  maximum f l i g h t  d u r a t i o n  would be  a b o u t  
67 d a y s .  The e f f e c t  o f  t h e  h i g h e r  i n c l i n a t i o n  can  be  b e s t  
summar ized  by n o t i n g  t h a t  f i v e  r a t h e r  t h a n  f o u r  f l i g h t s  are 
r e q u i r e d  t o  g i v e  a l m o s t  a y e a r  i n  o r b i t .  T h e r e  i s  a t  t h e  same 
t i m e  n o  a l l o w a n c e  f o r  e x p e r i m e n t  p a y l o a d  ( s u c h  as APP-A) a n d ,  
t h e r e f o r e ,  n o  r e a s o n  f o r  t h e  h i g h e r  i n c l i n a t i o n .  

I f  t h e  minimum APP-A p a c k a g e  o f  3 5 0 0  l b s .  were i n c o r -  
p o r a t e d ,  f o r  i n s t a n c e ,  i n t o  S e c t o r  I a n d  t h e  consumab les  ( b u t  
n o t  t h e i r  t a n k a g e )  o f f - l o a d e d ,  t h e  f l i g h t  d u r a t i o n  for t h i s  
one mis s i -on  would  b e  l i m i t e d  to a b o u t  45  d a y s  a t  29' or 2 0  
d a y s  a t  50" i n c l i n a t i o n .  An a d d i t i o n a l  f l i g h t  would  b e  r e q u i r e d  
t o  a c h i e v e  A A P ' s  one y e a r  o b j e c t i v e ,  b r i n g i n g  t h e  t o t a l  r e s u p p l y  
m i s s i o n s  t o  f i v e  a t  29' or s i x  a t  50". 

T h e s e  c o n c l u s i o n s  a r e  o b v i o u s l y  q u i t e  s e n s i t i v e  t o  
b o t h  t h e  assumed w e i g h t  of t h e  v a r i o u s  CSM m o d i f i c a t i o n s  and  
t h e  assumed r a t e  o f  u s a g e  o f  e x p e n d a b l e s .  The s y s t e m  i s  D a r t i -  
c u l a r l y  s e n s i t i v e  t o  t h e  a t m o s p h e r i c  l e a k a g e  o f  t h e  assembled  
v e h i c l e .  A t  t h i s  s t a g e  i n  t h e  d e s i g n  o f  t h e  c l u s t e r ,  however ,  
t h e r e  a r e  many c o n f i g u r a t i o n  p o s s i b i l i t i e s  s t i l l  b e i n g  c o n s i d e r e d ;  
and  a more a c c u r a t e  a p p r a i s a l  w i l l  h a v e  t o  await t h e  f i n a l  s e l e c -  
t i o n  o f  c o n f i g u r a t i o n  a n d  d e s i g n  c h a r a c t e r i s t i c s .  

N e w  C l u s t e r  i n  1969 

I f  a new workshop and LM/ATM were t o  b e  l a u n c h e d  
i n  1969 ,  t h e  da ta  i n  F i g u r e  1 s t i l l  a p p l i e s  b u t  w i t h  some modi- 
f i c a t i o n .  A fo l low-on  c o n f i g u r a t i o n  w i l l  p r o b a b l y  h a v e  t o  t a k e  
i n t . o  a c c o u n t ,  f o r  p u r p o s e s  o f  economy i n  n o n - r e c u r r i n g  c s s t ,  t h e  
c o n s t r a i n t s  o f  t h e  h i g h - a l t i t u d e  m i s s i o n  as w e l l .  P r e v i o u s  p e r -  
formance  es t imates  have  shown t h a t  for a 29' i n c l i n a t i o n  s y n c h r o n o u s  
m i s s i o n  a maximum o f  a b o u t  3 2 , 0 0 0  l b s .  c an  b e  a l l o c a t e d  to t h e  
a i r l o c k  a n d  e x p e n d a b l e s  and t h a t  t h i s  w i l l  b e  r e d u c e d  t o  a b o u t  
2 6 , 0 0 0  l b s .  i f  a h i g h e r  a l t i t u d e  i s  s o u g h t  t o  a v o i d  t h e  t r a p p e d  
r a d i a t i o n  e n v i r o n m e n t .  T h i s  i m p l i e s  a l i g h t  weight  a i r l o c k  w i t h o u t  
m u l t i p l e  d o c k i n g  p r o v i s i o n s  a n d  w e i g h i n g  n o  more t h a n  1 8 , 0 0 0  l b s . ,  
a n d  r e d u c e d  r a t e  o f  e x p e n d a b l e  consumpt ion  ( p r i n c i p a l l y  r e d u c e d  
l e a k a g e )  a p p r o a c h i n g  50 l b s . / d a y  ( w i t h o u t  h i g h  a l t i t u d e  r e t r o -  
p r o p e l l a n t s ) .  

I f  t h e  1969 a i r l o c k  i s  d e s i g n e d  w i t h  t h e  h i g h  a l t i t u d e  
c o n s t r a i n t s  i n  mind,  t h e r e  i s  a marg in  f o r  e x p e r i m e n t s  when 
l a u n c h e d  unmanned on a S a t u r n  IB t o  a 260 m i l e  c i r c u l a r  a l t i t u d e .  
T h i s  m a r g i n  i s  a b o u t  8000 l b s .  a t  29' i n c l i n a t i o n  and  6000 l b s .  
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a t  50" i n c l i n a t i o n  which s h o u l d  b e  a d e q u a t e  f o r  an  APP-A i n t e -  
g r a t i o n  and  o p e r a t i o n  f o r  e x t e n d e d  p e r i o d s  o f  t i m e .  APP-A a t  
t he  p r e s e n t  t i m e  i s  c o n c e p t u a l l y  a c o m p a r a t i v e  e v a l u a t i o n  o f  
e a r t h  s e n s o r s  and  d o e s  n o t  r e q u i r e  e x t e n d e d  o p e r a t i o n  to meet 
i t s  o b j e c t i v e s .  If f lown as an i n t e g r a t e d  p a r t  o f  t h e  workshop,  
t h e  d e s i g n  c o n c e p t s  would have  t o  be r e v i e w e d  and  r e v i s e d  t o  b e  
c o m p a t i b l e  w i t h  l o n g e r  d u r a t i o n  o p e r a t i o n s .  

I f  t h e  50 l b s .  p e r  day e x p e n d a b l e  r a t e  can b e  a c h i e v e d ,  
t h e n  F i g u r e  1 shows t h a t  1 6 0  days  a r e  p o s s i b l e  at  29' and 1 1 0  
d a y s  a t  50" .  A l i t t l e  more c o n s e r v a t i v e l y ,  b u t  s t i l l  a d i f f i c u l t  
g o a l ,  t h i s  r e p r e s e n t s  t h r e e  manned l a u n c h e s  a t  2 9 O  and f o u r  a t  
50"  i n  o r d e r  t o  a c h i e v e  a y e a r ' s  f l i g h t .  

C o n c l u s i o n s  

1. A 90-day " s e m i - q u i e s c e n t "  CSM seems f e a s i b l e  when 
f lown  as a r e s u p p l y  v e h i c l e  i n  c o n n e c t i o n  w i t h  a 
1 9 6 8  o r b i t a l  assembly  a t  2 4 0  nm and  29O i n c l i n a t i o n .  

2 .  T h e r e  i s  no  p a y l o a d  margin f o r  e x p e r i m e n t s  when 
t h i s  C S M  i s  f lown a t  maximum d u r a t i o n ,  and  t h e  o f f -  
l o a d i n g  o f  e x p e n d a b l e s  t o  p r o v i d e  e v e n  t h e  minimum 
APP-A package  w i l l  r e q u i r e  an  a d d i t i o n a l  f l i g h t  to 
comple t e  an AAP one-year  o b j e c t i v e .  

3 .  I f  a new i n t e g r a t e d  workshop i s  p l a n n e d  f o r  deve lop -  
ment i n  1969 t o  e i t h e r  h i g h  e a r t h  o r b i t  o r  low e a r t h  
o r b i t  , i t  c o u l d  p r o v i d e  a d d i t i o n a l  e x p e r i m e n t  capa-  
b i l i t y  w i t h i n  i t s e l f  and t h e  p o s s i b i l i t y  o f  an 
e x t e n d e d  d u r a t i o n  v e r s i o n  o f  APP-A. 

4 .  The e f f e c t  o f  i n c r e a s i n g  t h e  i n c l i n a t i o n  t o  50" i n  
e i t h e r  1 9 6 8  o r  1969 i s  t o  s h o r t e n  e a c h  o f  t h e  r e s u p p l y  
m i s s i o n  d u r a t i o n s  and t o  i n c r e a s e  by a t  l e a s t  one t h e  
number o f  f l i g h t s  p e r  y e a r  o f  c o n t i n u o u s  o p e r a t i o n s .  

5 .  Even a t  an  APP-A minimum i n t e g r a t e d  w e i g h t  o f  3500 l b s .  , 
t h e  e f f e c t  i n  a l l  c a s e s  on t h e  l o n g  d u r a t i o n  o b j e c t . i v e s  
i s  t o  add a f l i g h t  m i s s i o n  which s u g g e s t s  t h a t  APP-A 
b e  f lown  a l o n e .  

1 0 2  1-PLH-bap 
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